INTRODUCTION
During the course of DSDP Leg 94, two major oceanic sediment drifts with sediment-wave ornamentation were drilled: Feni Drift, Site 610, and Gardar Drift, Site 611 ( Fig. 1) . The main lithologic and stratigraphic results from these sites are described in the site reports and Kidd and Hill (this volume) . Shipboard analysis of the cores from Sites 610 and 611 showed that the Pliocene to Quaternary sequences appeared to be predominantly pelagic or hemipelagic ooze and calcareous mud. There appeared to be very little evidence of current control of deposition despite the fact that large-scale sediment waves were drilled at both sites. This chapter provides some details of the sedimentological study carried out to establish whether there is any evidence of current activity from analysis of sedimentary structures, grain size, and coarse fraction composition. Cores recovered at both sites were sampled to describe the basic sediment characteristics, to compare sediment-wave trough and crest sequences over correctable intervals (at paleomagnetic boundaries), and also to define sequential changes in grain size and composition through a glacial-interglacial cycle.
METHODS
The archive core halves were returned to the DSDP East Coast core repository at Lamont-Doherty Geological Observatory. Half-cores of sections that had been sampled for grain-size analysis on board ship were x-rayed. Samples from the Quaternary sequence (Zone NN19) at Site 610 were selected from approximately the same stratigraphic levels in crest and trough holes using detailed visual correlation of the ooze and calcareous mud beds (Ruddiman et al., this volume) . Three Pliocene intervals from crest and trough holes were sampled at Site 611: (1) an interval at the Matuyama/Gauss boundary (2.47 Ma); (2) an interval at the Gauss/Gilbert boundary (3.40 Ma); and (3) an interval at approximately 3.75 Ma, estimated from visual correlation and the shipboard accumulation-rate curve. Grain-size analyses were carried out at the Atlantic Geoscience Centre of the Geological Survey of Canada. Because of the high biogenic content of all the samples, they were initially processed for size analysis with a minimal amount of destructive treatment. The samples were soaked in water overnight, then washed gently through a 53-µm sieve. Hydrogen peroxide and ultrasonic treatment, which might have led to the destruction of foraminifer tests, were deliberately not used at this stage of the processing. Size analysis of subsamples of the coarse (> 53-µm) and fine (0.5-53-µm) fractions were performed using a settling tube and sedigraph, respectively. These methods were used because the resulting data are in the form of "equivalent settling diameters," which can be interpreted in terms of current velocities. A small quantity of Calgon was used in the sedigraph to disperse the fine fraction in each sample.
Most of the ooze samples were successfully treated in this way. However, most of the calcareous mud samples were not completely disaggregated, and large pellets of mud remained in the coarse fraction. Where a sufficient quantity of the sample was left over, the coarse fractions were reprocessed using a small quantity of hydrogen peroxide and a few seconds exposure to ultrasound. These samples were reweighed and a corrected value obtained for the sand-fraction percent. It was not possible to carry out settling-tube analyses on these reprocessed samples. The fine fractions were examined selectively by placing a drop of the dispersed sample on a microscope slide and viewing at high magnification (500 ×). No pellets were observed in the suspension and the fine particles exhibited Brownian motion, suggesting that the samples were adequately dispersed.
STRATIGRAPHY
At Site 610, drilling penetrated to lower Miocene sediments at 720 m sub-bottom (Fig. 2) . The sequence consists of Miocene nannofossil chalk overlain by lower Pliocene ooze and upper Pliocene siliceous nannofossil ooze. Overlying this thick ooze-chalk unit is a sequence of interbedded calcareous mud and nannofossil ooze of late Pliocene and Quaternary age, which represent glacialinterglacial climatic fluctuations. Site 611 shows a similar stratigraphy (Fig. 2) , although marly ooze was deposited as early as the early Pliocene. Samples were taken from the Quaternary sequence at Site 610 and from both Quaternary and Pliocene sections at Site 611.
SEDIMENTARY STRUCTURES
Fourteen core sections from the two sites were x-rayed (Table 1) to examine sedimentary structures. Three facies can be distinguished in the cores. Homogeneous to burrow-mottled sediment makes up the largest proportion of the x-rayed cores. The common characteristic of this facies is the absence of primary sedimentary structures (Fig. 3) . The ooze beds are most commonly homogeneous, whereas the calcareous muds generally show a greater diversity of bioturbation structures including Zoophycos. The best visible burrow structures, however, are preserved at boundaries between calcareous mud and ooze or between subunits of calcareous mud beds (Fig. 3C) . Gravel-sized clasts or dropstones are common in the calcareous mud beds.
Partly bioturbated thin-bedded sediment is recognized where subtle lithological differences can be seen in X-radiographs (Fig. 4) . The beds are generally on the order of a centimeter or two thick, and bed boundaries are poorly defined as a result of bioturbation. This type of bedding is seen in both calcareous mud and ooze lithologies, but early diagenetic changes in the ooze beds may provide the density contrast observed in X rays. These structures may not always represent primary bedding.
Laminated sediments are occasionally present, but are restricted to ooze units (Fig. 5) . The laminae are on the order of 1 mm thick and are found in sequences several centimeters thick (Fig. 5A ) or in isolation (Fig. 5B) . In many cases, laminated sections in X ray correspond to gray green, relatively indurated laminae observed in the initial core descriptions, particularly in the deeper, chalkier sections of the holes. The induration is clearly an early diagenetic effect, but the laminae may reflect initial size or composition differences and thus be primary sedimentary structures.
GRAIN SIZE
Size analyses were conducted on calcareous mud and ooze beds from both sites. Significantly different size spectra related to lithology and site were observed (Fig.  6) . Ooze from Site 610 shows three modes, one in the sand fraction (>64 µm), one at 6.0 to 6.5 Φ (10-15 µm) and one at 8.0 to 8.5 Φ (3-4 µm) (Fig. 6 ). Most samples also showed a minimum at 5.0 Φ (30 µm), which may in part be related to the merge-program used when combining settling-tube and sedigraph data. Calcareous mud from the same site contains a similar sand-fraction mode but shows a broad distribution over the silt and clay range with no distinct modes (Fig. 6) . The 6.5-and 8.5-Φ modes can be distinguished in samples taken near boundaries with the ooze, indicating a mixed size distribution.
Ooze from Site 611 contains only two modes, in the sand fraction and at 7.5 to 8.5 Φ (3-5 µm). There is no mode at 6.5 Φ in all the samples examined from this site. x x x ± x X X X X X X X X X X X X X X X J X X X X Nannofossil ooze X X X X X X X X X X X X X X X Table 1 . Sections x-rayed in this study.
Hole-core-section 610-4-6 610A-6-5 610B-7-3 610D-4-5 61OD-3-3 611-13-3 611-13-4 611A-3-3 611A-3-4 611C-15-2 611C-15-3 611C-20-2 611C-22-6 611D-10-3 611D-13-6
shows a broad amodal distribution in the silt and clay range similar to the muds at Site 610. The various modes can be explained by the biogenic composition of the samples. The irregular mode in the sand fraction consists primarily of planktonic foraminifers, with minor quartz and volcanic ash. Rarely, quartz and ash predominate, possibly as a result of foraminifer dissolution. The 7.5-to 8.5-Φ mode in samples from both sites are formed by the dominant nannofossil types such as Pseudoemiliania lacunosa (Pleistocene) and Reticulofenestra pseudoumbilica (Pliocene). The 6.5-Φ mode in the Site 610 samples probably corresponds to the presence of large numbers of reworked Cretaceous nannofossils (see Site 610 report), which are generally much larger than the Neogene specimens (Haq, 1978) .
Vertical Variations
Apart from the mixing effect at calcareous mud-ooze bed boundaries, significant changes in grain size with depth can only be detected in the coarse fraction (>64 µm). A vertical profile through Section 611A-3-4 is shown in Figure 7 and demonstrates that there are fluctuations in size both between mud and ooze beds and within mud intervals. Comparing the size fluctuations with composition (Fig. 7) , at least two factors appear to control the fluctuations: (1) the absence of foraminifers near the top of the calcareous mud interval, and (2) the increase in the coarse terrigenous fractions (quartz, volcanic glass, and minor minerals) in the same interval.
The sudden disappearance of foraminifers from the coarse fraction is most probably related to dissolution at the end of glacial intervals (Ruddiman et al., 1980) . Changes in terrigenous composition are directly related to the supply of ice-rafted glacial sediment.
Trough-to-Crest Variations
Samples were taken at both sites from intervals that could be correlated between sediment wave crest and trough to within a centimeter of two (see frontispiece, this volume). At Site 610 the sampling was based on lithological correlations (Ruddiman et al., this volume) , and at Site 611, the samples were taken around paleomagnetic boundaries. Comparison of the size distributions (Fig. 8) show that the variations from crest to trough are no greater than the vertical variations noted in the previous section. Even in the examples shown, there is no consistent coarsening or fining from crest to trough. No other differences in lithology or sedimentary structures were observed.
DISCUSSION
Current meter data from the Feni Drift area (Dickson and Kidd, this volume) indicates that currents with a speed of up to 39 cm/s may be present near the seabed. The number of samples analyzed in this study was small, but no clear evidence for current control of sedimentation was observed on either the Feni or Gardar drifts. There are very few well-preserved primary sedimentary structures, and the small variation in grain size can be explained by glacial to interglacial changes in sediment supply and possibly dissolution. The few, poorly preserved examples of primary structures, however, could result from rapid deposition influenced by current sorting. Overall rates of accumulation have been only slightly greater than average pelagic accumulation rates in the Atlantic (Davies et al., 1977; Baldauf et al., this volume) , so that bioturbation would have removed most evidence of current activity. The lack of primary sedimentary structures has been noted in other areas of low net accumulation rates where high current velocities are presently observed, and where rapid erosion and deposition take place (Hollister and McCave, 1984) . Thus although very little positive evidence is present to indicate strong current control at the drift sites, it is quite possible that such currents did exist. The characteristics described in this chapter are similar to those described for "muddy contourites" by Stow (1982) , although the composition of the Feni and Gardar sediment is primarily pelagic. Stow and Holbrook (1984) have interpreted similar pelagic sediments on the Hatton Drift as contourites on the basis of the drift morphology, differential rates of sediment accumulation, and the known present-day hydrographic regime. However, these characteristics and the standard sequence for muddy contourites described by Stow (1982) do not distinguish the sediments from "pelagites" (Stow and Piper, 1984) , which show differential accumulation rates and grain-size changes as a result of climatic fluctuations or dissolution cycles. More detailed analysis of (1) the areal distribution of grain size and composition across the sediment drift (Faugeres et al., in press) and (2) vertical sequences (Gonthier et al., 1984) provide more positive methods of identifying current control of sedimentation. The small sequence analysis carried out in the present study was not adequate to resolve the effects of current control from those caused by Pleistocene climatic variations of sediment supply or dissolution. Grain-size analysis of samples from the laminated sequences should be carried out. It may be possible to resolve current effects in a more detailed study over a longer sequence, perhaps by employing spectral analysis to distinguish cycles of current-controlled grain-size fluctuations from supply or dissolution controls. Alternatively, a study of the Pliocene sequence deposited before the initiation of Northern, Hemisphere glaciations, but under the influence of Antarctic glaciations (and hence possible bottom-water fluctuations), may be more productive. 
